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The primary effort of the research cenducted-during-the-y!
S Contraci-NGOOEI—88—-€—-3395 has been direczed at the develsgment

idiotypic (anti-id) antibodies against the myeloma protein MOPC-\S5 “E7).
Wwe have developed anti-id antibodies against this phospheocholine \(PC) tinding
myeloma protein because we will be using the rearranged variable ¥egicn genes

67) from this myeloma cell line, ligated to germ-line & xeo .
cofistant region genes, for transfection into both mouse and human stem cells.” -
Ofice these Jenes have been successfully transfected into stem cells and these

ells transplanted into SCID mice, one must have anti-id reagents to: 1) I
follow the de\elopment of the cells expressing the transfected gene procucts; |
and, 2) activate the B cells expressing the M167 antibody as an antigen- |
specific recptor on their cell surface. This model system is to serve as a
prototype for :ﬁsting the feasibility of transfecting stem cells with antibody
genes whose produ;t is directed against an agent (pathogenic or chemical)

which cannot be sﬁfséy used as an immunogen. “{u!
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A. Isolation and Characterization of Anti-Ml67-idiotvoic Antibodies

Qur first attempts to develop anti-M167-id reagents were carried out by
immunizing €S78BL/6 mice with the M167 protein. A large number of hybridoma
antibodies were produced and tested in ELISA for specificity to M167 (data not
shown). None of the more than 20 hybridomas produced bound specifically to
M167. Most of these mouse hybridomas produced antibodies which cross reacted
with one or more of the other known PC-binding myeloma or hybridoma
antibodieg. Based on the success of Desaymard et al. (1) in preoducing Rat-
anti-T15-id antibodies, we next immunized rats with the M167 IgA myeloma
protein and boosted them with the IgM anti-PC hybridoma protein HPCM27 (2).
This IgM antibody expresses the same Vyl heavy (H) & V,24 }ight 7(L) chain
variable regions as M167. The hybridomas produced were first screened for
binding to M167 & HPCM2 and to MOPC-104E (IgM,\) and MOPC-460 (IgA,x) in order
to select only those binding to V-region determinants. Those having V-region
specificity were then screened against a large panel cof PC-binding antibodies
(Table I) and only those binding to antibodies expressing V, 24 light chains
were selected for subcloning and further characterization. The profile of
binding specificity of four rat-anti-M167-id antibodies is shown in table I.
Three of these anti-M167~-id antibodies (28-2-7, 28-4-3, & 28-6~20) are cross~
reactive anti~-ids; thus, they were found to Hind three antibodies (2CGl-2,
PCGl-3, and PCGl-1l4) which express a JS558 Vy in association with V,24. All
three of these antibodies bind nitrophenylphosphocholine (NPPC) (3) and thus
may share some structural similarities to PC binding antibodies. The 28-2-7
anti~M167~id antibody differs from the other anti-M1l67-id antibodies in that
it recognizes an idiotope which has been lost by somatic mutation frem the
4511 and HPCGl3 V4l:V 24 anti-PC antibodies. The 28-4-3 and 28-5-20 anti-

M157~id antibcdies exhibit the same binding prefile on the

cegted and may represents ildentical clones; however, when =
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froem the other crogs-reactive anti-id antibedies since it binds on.y
L) ?C- pecific antibodies expressing the V,1:V 14 + L chain combination,
This anti-M187-id antibedy has further been shown to be bindi .g -gite specific
in thaz it blocks the binding of M187 to PC-BSA coated ILISA plates, whereas,
ehe other three anti-M187-id antibodies are not tinding site specific. Based
on this observation, one would predict that the 28-5-15 antibody will be che
most useful in in vivo selection and activation of M167~id", PC-specific 3
cells. This hypothesis is currently being tested in normal mice.

B. Idiotyve Analvsis of M157 Transqenic Mice

As stated above, the anti-M167-id antibodies have been developed so thac
they can be used in place of antigen in stimulating B lymphocytes which
express these idiotopes on their antigen-specific receptors. However, it is
critical that the anti-id used for stimulation activate B cells which are
indeed antigen~specific and not clones which might share cross-reactive
idiotopes but have a different antigen specificity.

To further characterize and evaluate our anti-M167-id antibodies for
their potential in recognizing and activating id’-antigen specific B cells, we
have taken advantage of a set of transgenic mouse lines developed by Storb et
al. (4) in which the rearranged M167 H & L chain genes have been expressed
individually or in combination. Spleen cells from these mice were stained
with a combination of FITC~conjugated anti-IgM and biotin-conjugated anti-
M167-id plus phycoerythrin-conjugated Streptavidin. The stained cells were
then analyzed uging a Coulter 753 Cytofluorograph. In the M167 ux 207-4 line,
greater than 96% of the B cells stain with all three of the anti-M167-ids
tested (Fig. l1). 1In this M167 ux transgenic mouse strain, virtually all the B
cells are PC-specific (5) and all three anti-M167-id antibodies should induce
activation and proliferation of the B cells from these mice. This assumption
is currently being tested.

X~-ray crystalography analysis of the MOPC-~603, PC-binding myeloma’
protein has shown that most of the contact determining resjdues f6r PC reside
in the V4l H~chain (6). Thus, in transgenic mice expressing the Ml67-H-chain
only, one might expect to see the association of this H-chain with endogenous
light chains to form antibodies which can bind PC. Since there are
approximately 100 to 200 different x-light chain genes in the mouse (7) one
would expect to see approximately 1 % of the B cells in an M167 p-transgenic
mouse expreas the V,24 dependent M167-ids. However, when spleen cells from
these y-only transgenic mice were stained with the anti-M167-ids (Fig 2), it
wag surprising to find that ~10% of the spleen cells or almost 20 % of the B
cells were M167-id’. This means that B cells is which the H-chain transgene
has associated with an endogenous V.24 light chain have expanded to make up
20% of the B cell population instead of the expected 1%. As seen in fig. 2,
there are two IgM':id” populations of B cell in the p-only transgenic mice;
one population expresses high levels of idiotope (~5% of spleen cells) and the
second population expresses low levels (3 to 5% of spleen cells). The reason
for the two distinct 4157-id” population is unclear at this time, but the lcw

intensisy staining may be due to the co-expression of endcgencus H-chains on
many of the 28 cells in these u-only =ransgenic mice. Three cslor flcw
cy=emesric aralysis will nave ts be gerformed in order =3 resc.ve tnis L33ue.
Howevar, when 2C-binding of the u- o*lv sclno cells ig =asned fzr in 31 rz2aette
1883y wisn PC-zaugled SP2EC, one find3 tnhnat = S» 22 tho 3nLeoen oLl arw Po-
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specific (Tabla II). This correlatas well with the number cf brighs id 8
cells in thasa mice.

Wwhy are 20% of the B8 cells in the w-only transgenic mice M167-id” rather
than the exrected 1%? It is pessible that the M167-id" B cells in the u-only
transgenic mice are being expanded by stimulation with environmental PC-
containing antigens. If this is true, one might also expect to see the same
expansion of PC-specific, id" B cells in M167 x-only transgenic mice. These
pC-specific B cells should be formed by the association of the V.24 light
chain transgene product with an endogenous Vyl H-chain. However, as shown in
fig. 3 (panels B & C), large numbers of cross-reactive M167-id" (28~4-3 and
28-6-20) B cells are detected in M167 x-only transgenic mice but very few of
these B cells are PC-specific (table 2) or express the binding-site-specific
anti-M167-id, 28-5-15. Furthermore, less than 1% of these B cells express the
Vyl H-chain as determined by staining with the T68.3 anti-Vyl-id (data not
shown). These data c¢learly demonstrate that an animal can have large numbers
of id® B cells present in its lymphoid tissues and yet the B cells may not be
antigen specific. Thus, as stated above, it will be very important to use
site specific anti-id to focus in on the activation of the desired antigen-

specific B cells.

cC. Transfection of H and L Chain Genes to Determine the Requirements
for Antigen Binding and Idiotvpe Expression

It is important to try and understand the above observation, i.e. why
having a rearranged M167 H-chain transgene expressed in the germ-line of a
mouse resulted in large numbers of antigen-specific B cells expressed in its
spleen, while the expression of the rearranged M167 L-chain transgene did not
result in the selection of antigen-specific, M167-id" B cells.

In the mouse, the antibody response to PC is highly restricted and is
comprised of three related families of antibodies called T15, M167-M511, and
M603 (8). All three families use the same Vyl gene whic¢h "is recombined most
often with the DFL 16.1 D-region gene and the Jyl gene (9) (Fig 4). They
differ in that three different V, genes are used, i.e. V,22 in the T1l5 family,
V.24 in the M167-M511 family, and V.8 in the M603 family (fig 4). However, as
shown by Claflin et al. (10) and Feeney et al. (1l1) the H-chains also differ
due to "family-specific substitutions” at the Vy-D, junction in amino acid
residues 95 and 96 (fig 4). Thus, in the M603 family, there is a somatic
mutation of the germ-line aspartic acid to an asparigine residue at position
95 (10), and in the M167-MS511 family, there is mn alainine inserted at
position 96 via an alternate splicing of the V4l gene or N-region
diversification (ll). We hypothesized that these "family-specific
substitution” in the V41 gene might result in the subsequent restricted light
chain usage in generating PC-specific antibodies. Thus, having an aspartic
acid at regsidue 95 would mean that a PC-aspecific antibody would be generated
only when this T15 form of the V41 H-chain associated with a V.22 L-c¢hain, and
the substitution of an asparigine at this position would mean that only the
V.2 light chain would genarate a PC-specific antibody. Furzhermore, the
formation of the M1567-MS51il V,1 H-chain by insertion of an alanine between the
asgar=<ic acid 95 and sryptophane 74 of the T.5 seguence would mean =hat 2nly
the 7,24 lignc zhain would reconatitusze PC-bDinding. This nypotrmesis was
teszad by =zs-=pansfacting she Aifferen
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antitodies derived frem thes ransfaeczed cell linaes were zhen analyzad £2
their ability ©s bind o PC- BSA coated plates and for the presence of family
specific idiotopes, and for H & L chain allotype or isotype (Table III). The
data shown in table III strongly suggest that the above working hypethesis is
correct. When antibodies expressing the H & L chain ccmbinations shewn in
table III were tested in a direct binding ELISA, only those antibodies with
the xnown H & L family comkinations of V4T15:V,22 (line 8), Vy4l37:V.24 (line 3)
and Vy603:V\8 (line 12) exhibited strong binding to PC-BSA. The antibedy from
cell line 6, which expressed a V,T15 H-chain associated with the V.8 L-chain,
exhibited low but detectable binding to PC. t is interesting to note that in
many of the H:L combinations, L-chain dependent idiotopes are regenerated in
the absence of PC-specificity (lines 2, 9,10, & 1l). For example, T1S
idiotopes are generated when V.22 associates with V4167 (line 2) or V,603

(line 10) and M167 idiotopes are generated when V,24 associates with V. T1S
(line 9) or V4603 (line 1l1). In the V,T15:V_24 antibody, even the binding-
site-specific idiotope 28-5-15 is generated in the absence of detectable
affinity for PC. The data in table III further demonstrate that all 9 H & L
gene combinitations tested resulted in IgM antibodies in which the x-isotype,
p®-allotype, and Vyl-idiotope markers were expressed.

»
Z
1

The above data provide a possible explaination for the earlier
observation that the M167 H~chain preferentially associated with the V,24
light chain in the 243~4 u-only transgenic mice. Based on these transfection
experiments, it is likely that this H~chain generates PC-specificity only in
association with the V,24 L-chain and that this clone of B cells is then
expanded by environmental PC-containing antigens.

D. oss of M167 Idjotype Positive, PC-Specific B Cells in Mice

Expressing an X~-linked Immunodeficiency.

The anti-M167-id antibodies described in section A above have proven to
be very useful in following the development of antxgen—specxflc,.deotype
positive B cells. 1In a separate project, which was not. diréctly related to
the this contract, we have analyzed the effect of the X-linked
immunodeficiency gene (xid) on the development of antigen-specific B
lymphocytes in two different sets of transgenic mice carrying rearranged heavy
and light chain genes coding for anti-PC and anti-TNP antibodies,
respectively. 1In the anti-PC transgenic mice, large numbers of TG', PC-
specific B cells are detectable in the spleens of mice bearing a normal X-
chromosome, while B cells are either absent or reduced more than 90% in TG'
xid mice (see fig 1 and table I of attached manuscript). In contrast, the
coexpression of the anti-TNP u/x transgenes with the xid gene dcoes not lead to
a greater decrease in absolute splenic B cells than occurs in TG' mice with a
normal X-chromosome; thus, a 60 % reduction occurs in both types of anti-TNP
transgenics compared to their respective TG controls (see table II and fig. §
in manuscript). To demonstrate that the loss of PC-specific B cells in the ux
207-4 anti~PC transgenic mice was due to an Ig-receptor mediated event rather
than a failure of xid mice to develop Ly-1' or Lyb-5" B cells, we analyzed B
cell development in xzid mice expressing a M187 p H-chain only. The data
presented in figure 4 and in tables III & IV cf the acccmganying manuscrizt
show <hat:

1) she ¥,i-u? transgene product is readilv axpressed in xid 2
cells, and =rerefsre, it is not Zevelopmentally raszrizzed %o Ly=-1" or Lyz-5°
B celLs‘ 2) M167-i4" Pc-apecifiz 2 cells are clonally delezod in (B8.CRA/N x o
243-4)71 %42 male transgenic mlcz, wher2as, whess 2C-specif.s I sellz arz



greasly exgandad in zhe paripheral lymghoid organs ¢f FLU fomale s-uransgenic
mica; J) the M187 u H-chain transgene praduct apgrears %2 asssciate
prefereatially with an endogencus V.24 light chain to praduce large numbers of
M167-id" 5 cells in che splesens of normal T¢~ F.L famala : .-a, 4) the M137-id
is resczrict=ad %o 3 calls bearing the transgene-enccded y-allctyze and ia net
found on B cells exgrassing only the endoganous y’-allctyge, thug, there is no
natwork induced selection of endogenous Vy-idiotypes; and, §) T15-id” B cealls
(Vyl:V,22), which rormally dcminate the PC repertoire, appear t5 be absent in
these M167 u transgenic mica in spite of the fact that a rearranged V,l
transgene ia expressaed in these mice. These observations are consistent with
the hypothesis that mosc PC-specific B cells are cionally daleted via an Ig-
receptor madiatad machanism following their daveloprment in the bone marrow of
mice expressing the xid gene. Tha mechanism responsible for this Ig-receptor-
directed clonal delezion of PC-spaecific B caells doas not cause a similar
elimination of THP-spacific B cells in the Spé (u/«) anti-TNP xjid transgenic
wice.

i

The majority of PC-gpacific B cells in M167 ux 76" xid mice appear to be
¢lcnally deleted following raceptor expression in the bone marrow but before
migration to the spleen. However, approximately 2 x 10° 8 cells are present
in the xid TG* spleens and these B cells claarly exprass the u® transgena
product (Fig. 2, attached manuscript) but escape clonal deletion. It was
possibla that these B cells expressad the constant ragion allotype marker of
the transgene but had lost or somatically mutatad the V, or V, genes so that
thoy neither bound PC nor expressed the M157 or Vyl-idiozopes. To test this
possibility, the spleen cells of thesa ux anti-PC TG° mice wers stained with
FPITC~anti-u plus biotin cenjugated anti-idiotypic antidbodiee as shown in
figurs 4 (attachsd manuseript). Thase data clearly dazonatrata that the
majority of these zid B cells exprass both tha Vyl-idlotope {panal A) and
M167-idictopes (panals C & D). The 28-%5-1%5 anti-MlS§7~-idictype is depandent on
the expression of both the Vyl H-chain and the Vv, 24 L-chain and is binding
site spacific, whereas the 28-6-20 anti-M167-idiotope recognizes V.24 in
szsoclation with additional Vy gene products and is not binding site specific
(Sieckzann et al. manugcript in preparation). There i3 a miror population of
B cells (17 to 363%) in the TG  xid mice which is not recognized by these anti-
M167-idiotypic antibodies but clearly bear the V,l-idictope. The number of
FC-specific antigon bindingy cells (ABC) is approximately oquivalent to the
number of M167-idictype-positive B cells presant in the ux TC® xid mica (data
not shown). These daza domonstrate that a subset of M167-id” B cells is
escaping clonal deletion in tho xjid mice, and this point would have been
impoesibla to damonstrate without the anti-id reagents which we developed for
the Navy contract related work.
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Table I

BINDING SPECIFICITY OF RAT ANTI-M167-IDIOTY?IC ANTIBCDIES

Rat anti-M167-id

Myeloma/Nybridoma® 28-2-7 28-4-3 28-%~15 28-6-20
Name H/L Chain Isotype o.n."m
M167 Vei/v,24 Iga >2 >2 >2 >2
M311 Yyl/V,24 IgA 0 >2 >2 >2
M7 Vyl/v 24 IgH >2 >2 >»2 >2
HPCG13 WVy1/V.24 Igal (4] >2 1.2 >2
EPCGI3 Vy1/V,24 1gG1 >2 >2 0.3 >2
EPCG24 WVy1/v,24 IgGl >2 >2 0.5 >2
HEPCG28 Vy1/V,24 IgG1 >2 >2 1.8 >2
PCC1~2 JS58/v.24 IgG1l >2 >2 0 >2
PCGl-3 J338/v,24 1561 >2 0.2 6.1 0.5
PCG1-14 J558/V,24 1gG1 >2 >2 [} >2
HPCM2 Vyi/v,22 Ist (] 0 (] L]
B8 Vyel/v 22 IgA 4] 0.2 0 0.1
718 Vyl/v,22 Ig3A (] 0 ] ]
CBRPCI Vy1/v,.22 IgA 0 0 ) 0
EPCGIl V1 /v 22 Ic3 L] ] 0 e
P39-GECS Vul/V.23 Ige3 0 0.1 0.1 c.1
103.1C9 vu1/v.22 1gG23d o ] o -}
PCG2a~2 Vy1/v,22 1gG2a -] ] o o
K603 Vyl/v,8 IgA [+] [} [} -]
123zS Yel/v,1 IgG2d ] ] 0 ]
PCS2b-3 Q52/V,1 IgG2> <] o ] o
PCGA~3 QS52/V,1 IgG3 0 ] 0 0
T183 IgH 0 0 L] ]
Migaz J588/7,1 Igd 0.1 .1 o )
M315 J388/v,2 Igh Q 0 0 o
H360 JS88/V, 21 IgA 0 -] 0 c.1
&) Purified mysleoan or hybridcms protains weve csatsd sato microtiter platss using 100

Bl of a 3 ug/ml solution in phcenhata buffered seiine pR 7.4.

b) Tissue culture supernatants of tha rat an:i-}267-id Jydridcmas wors titrated on tho
coated plates snd ths platez deoveloped with a diotin conjugated anti-rat-x (MAR
18.5) or goat-anti-rat 1gG. The O.D. at a 1:10 dilution of the Aykridcma supernatant
is shown above.
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Table II

Levelopment of Antigen-8irding Cells in M167 Transgenic Mice® g
Strain Transgenes  Phenctyre 3 ABC %
207-4 ux P 3 46.0 :
' 0.3 5
f
216-7 prAmen o 0.2
™ 0.02
243-4 M ™ 5.08 g
T 0.0S %
254-3 pAmem 3 0.02 i
T 0.02 g
234-4 « b 3 0.08
7" 0.08

4) 7Two hundred ul of spleen cells (1 x 107/n1) from each of ths abovae M167 transgenic
mouss atrains was mixad with 100 ul of 2% v/v PC-conjugated sheep red blocd cells (PC-
SREC). The cells were spun at -800 x g for 10 min at 4°C, and the rosetted cells gently
rosuspanded, placed on a Hemocytowstar and the antigen binding cells (ABC) counted.
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Table IIIX

Charactarization of Call Linas Transfected with PC-Biading B and L Chain Cenes

Kappa  Lasbda I Vyl-id Ti5~id H167-i4 PC-BSA
Call Transfectad T139.2 AB1.2 28-5~-15 28~4-3
Line V-genes

1. JSS3L + Vie7 - + + + - - - - -

2. JRS8L + V1eTu + + + + + + - - -
+ V.22

3. JSS8L + V1674 + + + + - - + + +
+ Vvad

‘- 301.2D7 o’ V.ﬂ - - - - - - - - -

$. 301.2D07.7 V.B + - + + - - - - -
+ ViéTu

6. 301.207 V‘B + - L +* - - - .. ’/-
+ VI18

7. 8r2.0 - - - - - - . - -
+ Vi212

9. £92.0 + VSu + - + + +/= +/= +* + -
+ va4

10. 8P2.0 + VM603u + - +* e + + - - -
+ v22

11. 8722.0 + mﬁﬂﬁu + - + +* - - - > -
+ V.24

12. 301.2D07.7 V.S + - * & - - - - +

+  VKS03
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